Introduction
With the rise of molecular systematics over the past decade, there have been expectations that molecular data, especially DNA sequences, will solve most of the long-standing problems about phylogenetic relationships. Although those expectations are still widespread, and although many of the problems indeed seem nearer resolution, the use of molecular data has not automatically led to increased understanding of phylogenetic history for many groups. One reason for this is that recovering relationships from DNA sequences is a complex problem lacking a straightforward solution: there are many methods of phylogenetic inference that can be applied to sequence analysis, and, within the context of each, numerous models and assumptions about
Corvine Phylogeny from Mitochondrial Cytochrome-b Genes 1197 sequence change might be adopted, thereby potentially altering any inferred phylogenetic hypothesis. Methods employing a parsimony criterion of minimal characterstate change to sequence data offer distinct theoretical and methodological advantages in that assumptions can be minimized and/or made explicit, thus permitting a more detailed evaluation of their influence (Cedergren et al. 1988; Smith 1989; Swofford and Olsen 1990; Cracraft and Helm-Bychowski 199 1; Hillis 199 1) . Just as important, currently available algorithms are sufficiently powerful to enable the discovery of exact solutions under a variety of assumptions about sequence change, except in cases involving large numbers of taxa.
Although the best-fit or most-parsimonious tree explains the data better than do less optimal trees, this does not guarantee that those solutions will represent the true phylogenetic history, and the failure to find that history may be due to the investigator's choice of algorithmic method, to the assumptions underlying the analysis (e.g., how sequence changes might be weighted), or, more likely, to the quality and quantity of the data. Difficulties in resolving phylogenetic history may also be a function of the history itself, in that attempts to reconstruct the cladistic structure of lineages that have diverged closely in time-so-called star phylogenies-can yield many conflicting best-fit solutions, depending on the method of analysis.
We have two goals in this paper. The first is to explore how sequence data, in this case those derived from mitochondrial DNA (mtDNA), might be used to resolve phylogenetic signal within a radiation containing multiple star phylogenies. We will suggest that the sequence data are not adequate, by themselves, to specify a strongly defined cladistic signal but rather that the latter becomes more interpretable when other kinds of data are taken into consideration.
The second goal is to present additional data that help resolve relationships within a major radiation of songbirds. The birds of paradise (Paradisaeidae) and bowerbirds (Ptilonorhynchidae), both endemic to the Australopapuan region, have long been considered members of the corvine assemblage, a large group of family-level taxa whose interrelationships are still incompletely understood. Although paradisaeids and ptilonorhynchids have been thought to be related on the basis of morphological similarities (Bock 1963)) DNA hybridization data support the removal of the bowerbirds from the vicinity of the birds of paradise and place them near the base of the corvine assemblage (Sibley and Ahlquist 1990) . Edwards et al. ( 199 1) used 924 bp of the mitochondrial cytochrome-b gene to examine relationships among 14 passeriform taxa including one paradisaeid and one ptilonorhynchid. Their analysis separated these two taxa relative to one another but did not provide a clear resolution of their relationships within the oscine songbirds. We use sequence variation for the entire cytochrome-b gene ( 1143 bp) to address the following phylogenetic questions: ( 1) Are the two major groups currently included in the Paradisaeidae-the manucodines and paradisaeinines -monophyletic? (2) What is the sister group of the paradisaeids? (3) Are the bowerbirds closely related to the birds of paradise, or are they positioned near the base of the corvine assemblage?
Material and Methods
Taxa Examined and Source of DNA Eleven species, representing a spectrum of corvine higher taxa and two outgroups, were investigated in this study: four paradisaeids-including a manucodine, Manucodia ( = Phonygammus) keraudrenii, and three paradisaeinines, Epimachus fastuosus, Ptiloris paradiseus, and Diphyllodes magn$cus; two species of the Ptilonorhynchidae (Ptilonorhynchus violaceus and Ailuroedus melanotus); a member of the Corvidae (crows, jays, and allies; Cyanocitta cristata); a true shrike (Lanius ludovicianus; Laniidae); a vireo (Vireo olivaceus; Vireonidae); and two noncorvines, including a thrush (Catharus guttatus; Turdidae) and a New World suboscine passerine, the least flycatcher (Empidonax minimus; Tyrannidae).
Total genomic DNA was isolated from frozen tissue (muscle, liver, and heart), using standard methods (Lansman et al. 198 1) .
Data Collection
Fragments of the cytochrome-b gene were amplified by the polymerase chain reaction (PCR) using standard reaction conditions (Kocher et al. 1989) . Combinations of eight oligonucleotide primers were used for amplification and sequencing of overlapping fragments in both directions, including those that follow [" L" and "H" refer to the light strand and heavy strand, respectively; numbers refer to the chicken sequence (Desjardins and Morais 1990) 
(10) L15656, 5'-AACCTACTAGGAGACCCAGA-3'; (11) H15710, 5 '-GTAGGCGAATAGGAAGTATC-3 ' ; ( 12 ) L 15920, 5 '-ACATGAGTCGGAAG-CCAACC-3';
( 13) H15914,5'-GGTTGTTCTACTGGTTGGC-3'; and ( 14) H16065 (tRNA-Thr), 5'-GGAGTCTTCAGTCTCTGGTTTACAAGAC-3 '. (Primers 2 and 7 were modified according to the method of Kocher et al. 1989, and primers 5, 6 , and 14 are courtesy of P. Arctander, S. Edwards, and S. Paabo of the A. C. Wilson laboratory, Berkeley; all others were designed in our laboratory).
Single-stranded template for sequencing was produced by asymmetric PCR using either unbalanced primer ratios (Gyllensten and Erlich 1988) or single primers (Allard et al. 199 1) . Some double-stranded fragments were sequenced after recovery from low-melting temperature agarose ( Kusukawa et al. 1990; Qian and Wilkinson 199 1) . The products of dideoxy chain-termination sequencing reactions (Sequenase system; United States Biochemical) were subjected to denaturing gel electrophoresis and autoradiography.
Sequences were aligned by eye, with the aid of the ESEE editor program (Cabot and Beckenbach 1989) . All nucleotides were sequenced in each direction.
Morphological Data
In addition to the mitochondrial sequence data, phylogenetically informative variation from 14 cranial osteological characters was also analyzed, using a subsample of data from a larger morphological study of corvine relationships (J. Cracraft, unpublished data). A description of the characters and character states, along with a data matrix, is presented in the Appendix.
Polarization of character-state transformations was postulated by using outgroup comparison.
Phylogenetic Analysis
The results presented here are part of an ongoing study of corvine and paradisaeid relationships.
Phylogenetic analyses were undertaken with the program PAUP, version 3.1 ( Swofford 1993 in any given analysis (Swofford and Olsen 1990; Cracraft and Helm-Bychowski 199 1; Hillis 199 1) . Here cladistic signal was identified by searching for most-parsimonious trees. When multiple equally parsimonious trees were found, the common signal was identified by the use of strict consensus trees. Within the context of a parsimony analysis, the point of departure for evaluating the strength of cladistic signal is a comparison of branch lengths, or the amount of synapomorphous character change postulated to support each clade. For any given data set, however, character change might be optimized in a variety of ways. To establish a consistent method across analyses, branch lengths of most-parsimonious trees were optimized by using the DELTRAN option in PAUP, which distributes character change toward the tips of the tree. In several instances, relative strength of signal was also evaluated by, first, examining the stability of the cladistic components in near-most parsimonious trees (Bremer 1988; Cracraft and Helm-Bychowski 199 1; Kallersjii et al. 1992 ) and, second, by the bootstrap resampling technique (Felsenstein 1985) . Results from the latter method are difficult to interpret statistically, because its underlying assumptions are rarely, if ever, satisfied by data such as coding DNA (Jones et al. 1993) ; consequently, the bootstrap is used here solely as a heuristic guide to the strength of signal.
Analysis of distances was accomplished by using tree-building routines (FITCH, KITSCH ) in the PHYLIP program package (Felsenstein 199 1) . Taxa were added to each analysis randomly, and replicate analyses were undertaken to search for best-fit trees. Sequence divergences were estimated by using the DNADIST routine in PHYLIP.
Results

Nucleotide Sequences, Transition / Transversion
Ratios, and Amino Acid Replacements Nucleotide sequences ( 1,143 bp) for the 11 taxa of this study are aligned in figure  1 ; the alignment is colinear with that of the chicken cytochrome-b gene (Gallus gallus; Desjardins and Morais 1990) .
A matrix of transition / transversion differences and their ratios is shown in table [11431 I11431 [11431 [11431 [11431 [11431 [11431 [9001 19001 19001 19001 Jukes and Cantor's (1969) method; values below diagnoal are corrected by using Kimura's (1980) two-parameter model with a 10: I transition/transversion ratio.
Helm-Bychowski and Cracraft
Blocks of conserved codons roughly match the postulated positions of redox centers, whereas more variable regions match transmembrane domains (Howell 1989) . This is similar to the overall pattern of variation that has been observed for mammalian cytochrome b (Irwin et al. 199 1 ) , although the avian sequences presented here are somewhat more conserved.
Patterns of base composition are similar to those found for passeriform birds by Edwards et al. ( 199 1, fig. 3 ). All four bases are in approximately equal frequencies for first codon positions; T (40.7%) predominates at second positions, whereas G ( 12.9%) is underrepresented;
and at third positions, G (3.5%) and T ( 13.9%) are both in low frequency. Overall frequencies were G ( 13.0%)) A ( 29.3%)) T (25.0%)) and C (32.1%).
Parsimony Analysis of Corvine Interrelationships
mtDNA Sequences
Two parallel analyses were undertaken, the first including all substitutional changes (global parsimony) and the second including only transversion changes (transversion parsimony). Because transition/ transversion differences ( Parsimony analysis of all 11 taxa yields a single most-parsimonious tree for all 11 taxa of 1,135 steps when all variation is considered ( fig. 2A ) and a single tree of 447 steps when only transversions are examined ( fig. 2F ). Using the the New World flycatcher Empidunax as the root, both trees identify two strongly supported clades, one with the three genera constituting the paradisaeinines and the other with the two bowerbirds.
Otherwise, the two trees share few similarities. The noncorvine thrush (Catharus) lies at the base of the tree in the transversion analysis, which is consistent with DNA hybridization distances (Sibley and Ahlquist 1990, pp. 832-834) . In both topologies, Empidonax has a very long branch compared with all others on the tree, which suggests the possibility that such a distant outgroup may be influencing the resulting topology (Wheeler 1990 ).
When Empidonax is deleted from the analysis, a single tree of 970 steps was found for the global parsimony analysis ( fig. 2B ), whereas 10 equally parsimonious trees resulted from the transversion parsimony analysis ( fig. 2G ). When the results of both figure 2F and DNA hybridization (Sibley and Ahlquist 1990 , pp. 832-834) are followed, the noncorvine Catharus can be used to root the tree. With Empidonax eliminated, both trees show more congruence. The paradisaeinines and ptilonorhynchids are still strongly supported, but, in both analyses, the latter clade is now the sister group to all other taxa, a position that is supported by DNA hybridization distances (Sibley and Ahlquist 1990, p. 859) . In the transversion analysis of figure  2G , moreover, all 10 most-parsimonious trees identified the bowerbirds as the sister group of the other corvines. In the global analysis Vireo lies outside the shrike Lank, the corvid Cyanocitta, and the four paradisaeids, but the transversion parsimony analysis does not clearly resolve these relationships. from the analysis and the bowerbirds are used as the root of the trees ( fig. 2C and H) . A single most-parsimonious tree of 862 steps was found in a global analysis ( fig. 2C) , and a single tree of 305 steps resulted from the transversion parsimony analysis ( fig.  2H ). The topologies of the global analyses shown in figures 2B and C are identical, and, in the transversion analysis, the tree of figure 2H is identical to one of the mostparsimonious trees summarized in the consensus of figure 2G . Transversion distances (table 1) indicate that Vireo and Lanius are much more distant from the birds of paradise than are either Cyanocitta or Manucodia. Thus, when the bowerbirds are deleted, and when Vireo is chosen as the root of the tree (Vireo generally lies more distant from the paradisaeinines than does Lank; also see table 1)) the resulting topology of a global analysis ( fig. 2D ) is the same as that of figure 2C . In the solution of figure 2D , Lanius and Cyanocitta again join, but other evidence does not support their close relationship (see below); on this tree both have very long branches relative to the other taxa. A transversion analysis in which the bowerbirds have been deleted ( fig. 21 ) produces the same topology as the tree of figure   2H , if both trees are rooted on Vireo. Two equally parsimonious trees of 199 steps result, with either Vireo or Lanius rooting the tree at the same position ( fig. 21) fig.  21-J) ) which is consistent with transversion distances (table 1)) DNA hybridization distances ( Sibley and Ahlquist 1990) ) and a combined data set of morphological and sequence characters (see below).
mtDNA Sequences and Morphology
The interrelationships of the corvines were also investigated by combining the 1,143 bp of sequence with 14 characters from a study of cranial morphology (J. Cracraft, unpublished data; see Appendix). This combined data set helps resolve several cladistic components.
As in the previous section, two parallel analyses were undertaken, one using global parsimony ( fig. 3A-E the paradisaeinines, and, in the analysis in which Vireo is the root (fig. 3D) , a tree two steps longer does likewise. Thus, the analyses of figure 3 lend support to the monophyly of the Paradisaeidae. One-way DNA hybridization values are also consistent with a sister-group relationship between manucodines and paradisaeinines (Sibley and Ahlquist 1987) .
When the morphological characters and transversion changes are analyzed together ( fig. 3F-J) , the jay Cyanocitta is resolved as the sister group of the paradisaeids (in particular, see fig. 3G-I ). In the global analyses, however, Cyanocitta is united consistently with the shrike Lank. The most likely explanation for this anomalous cladistic pattern is the fact that both Cyanocitta and Lanius have very long branches relative to the other taxa (especially see fig. 3C -E; in the two trees forming the consensus tree of fig. 3B , both taxa also have long branches).
In the transversion analyses, in contrast, the branch lengths of the various lineages are more nearly equal, and in none of these do Lanius and Cyanocitta come together. Instead, Cyanocitta is united with the paradisaeids.
In summary, the addition of morphological characters provides important evidence for resolving the relationships among Cyanocitta, ikfanucodia, and the paradisaeinines.
Discussion
Corvine Interrelationships:
The Importance of Different Kinds of Data
Three kinds of data-mtDNA sequences, cranial osteological, and DNA hybridization -can be used to examine relationships among the corvine families. None of the three data sets provide a clear resolution of the relationships, when used separately. Figure 2 shows that cladistic patterns inferred from cytochrome-b sequences can change substantially, depending on the class of substitutions examined and the taxa included in the analysis. This behavior apparently results from short internodal distances and from the inclusion of distant outgroups that introduce noise into an analysis because of multiple hits (homoplasy), as well as from the tendency for long branches to attract one another, again because of homoplasious similarities (Penny 1988; Miyamoto and Boyle 1989) . Much the same pattern can be observed when the DNA hybridization data are analyzed in detail. In this case short internodal distances can lead to different cladistic results when those are produced by algorithms having only slight variation in assumptions (results not shown). Finally, the morphological data alone are also incapable of providing a satisfactory resolution, because too few characters are shared among lineages.
Detailed analysis of the mtDNA sequences by themselves ( fig. 2) , and especially when combined with a small morphological data set ( fig. 3) , supports the following hypotheses of relationship:
( 1) monophyly of the paradisaeinines, (2) monophyly of the paradisaeids, ( 3 ) a sister-group relationship between corvids and paradisaeids, (4) monophyly of the ptilonorhynchids and their placement as the sister group of the corvine taxa included in this study, (5) the placement of the vireos and shrikes between the bowerbirds and the corvid + paradisaeid clade, and (6) the placement of the thrushes outside the corvines. These conclusions are consistent with DNA hybridization distances, although published trees based on the latter are sometimes in conflict with one another (e.g., see Sibley and Ahlquist 1990, pp. 832-833 and 86 l-863) .
The results presented in figures 2 and 3 differ in a number of respects from those of Edwards et al. ( 199 1) . In particular, the placement of the thrush Catharus within the corvines in the latter study, rather than outside the corvines as in the present study (also see Sibley and Ahlquist 1990)) was apparently due to cross-contamination of a PCR product that resulted in a composite sequence for Catharus as reported in Edwards et al. ( 199 1) . Other conflicts in relationships are the result of differences in methodology. The present study investigated relationships by using sequentially smaller subsets of the taxa and elimination of distant outgroups. This procedure led to a seemingly more reliable resolution in that the results are more congruent with those of DNA hybridization and morphology.
A Relative Metric for Corvine Phylogeny?
Previous studies have suggested a linear relationship between the age of divergence of two taxa and the accumulation of transversion differences in their mtDNA (Brown et al. 1982; deSalle et al. 1987; Miyamoto and Boyle 1989; Irwin et al. 199 1) . Absolute ages of divergence are unknown for corvine taxa, yet two arguments can be used to adopt a preliminary hypothesis that transversion differences are roughly correlated with time in these birds. First, there is a general observation that the pattern of transition and transversion substitutions in corvines (table 1) is similar to that for the cytochromeb gene of mammals in which a linear relationship between transversion differences and ages of divergence has been proposed and is better supported by using fossil dating (Irwin et al. 199 1) . This relationship, moreover, seems characteristic of all the mitochondrial genes that have been investigated (Brown et al. 1982; deSalle et al. 1987; Miyamoto and Boyle 1989) , despite the fact that individual genes, including cytochrome b, may sometimes evolve at different rates in different lineages (e.g., see Martin et al. 1992; Martin and Palumbi 1993) . Second, the pattern of transversion differences among corvines roughly corresponds to their relative ages of divergence as inferred from their phylogenetic branching pattern ( fig. 4) , even though the number of differences, per se, was not used to establish that pattern.
Adoption of the hypothesis that age of divergence is roughly linear with transversion differences allows us to propose a preliminary metric for some patterns of , diversification within the corvines. A more detailed picture of corvine diversification will come only when we better understand the relationships of corvine families not included in this study.
Divergence among the three paradisaeinines on the basis of 14-22 transversion differences is -l%-2% (table 1) . Because the three genera represent major clades within the paradisaeinines (J. Cracraft, unpublished data), the transversion differences can be interpreted to mean that most of the remarkable radiation of birds of paradise occurred within a span of ~5 Myr (when rates of cytochrome-b evolution comparable to those seen in mammals are assumed; Irwin et al. 199 1) . On the other hand, a transversion sequence divergence between the manucodines and paradisaeinines of -4.7%
(55 transversion differences) indicates that the family itself originated well before the radiation of the diverse paradisaeinine lineages, perhaps as much as 20 Mya (a similar tempo for paradisaeid evolution is implied by DNA hybridization data; Sibley and Ahlquist 1987) .
An important finding of this study is that the corvid Cyanocitta has transversion divergences from the paradisaeinines essentially no different than those of Manucodia.
This implies that the large, worldwide corvid radiation has the same time frame as does the less diverse paradisaeid radiation restricted to the Australopapuan region. If sequence evolution of corvine cytochrome b is similar to that of mammals, then the age of divergence of the corvid and paradisaeid lineages would be -20 Myr.
At approximately 67-73 transversion differences (6%) from the paradisaeinines are the laniids and vireonids. A similar rate of transversion divergence in birds and mammals would indicate that these lineages originated -24-25
Mya. Finally, bowerbirds show -7% transversion divergence from the paradisaeinines, fig. 2-3 . See text. Three, possibly four, rapid radiations (star phylogenies) are embedded within the corvine radiation, as follows: ( 1) the basal paradisaeinine lineages which show I%-2% transversion differences, (2 ) the corvid-manucodine-paradisaeinine lineages which show 4.5%-5.5% transversion differences from the paradisaeinines, and (3) the vireonid-laniid-higher corvine lineages which show 5.9%-6.4% transversion differences from the paradisaeinines.
The bowerbirds lie at the base of the corvines and may have diverged soon after the corvines diverged from other major passerine lineages.
which suggests a possible age of origin for them and the other corvines of 28 Myr. Bowerbirds, like paradisaeids, are restricted to the Australopapuan region, but the present-day diversity of bowerbirds is very much less. The two genera of bowerbirds included in the present study represent the two major lineages, and they have a transversion divergence of slightly >6%. Both these lineages, therefore, apparently have had a more ancient history in Australopapua than have the paradisaeids.
Star Phylogenies, Parsimony Analysis, and Congruence
If one accepts the hypothesis that transversion differences among taxa are more or less linear to their divergence times, then the above results have identified several instances of star phylogenies embedded within the corvine radiation ( fig. 4) . Star phylogenies involve the rapid radiation of three or more lineages over a relatively short period of time; thus, cladistic reconstructions will generally be characterized by short internodes. Short internodes create difficulties for recovering phylogenetic signal, and those difficulties will generally extend to all kinds of data and methods of phylogenetic reconstruction.
It is arguable that one of the major reasons numerous groups of organisms have resisted resolution of their phylogenetic relationships is the existence of short internodes.
Star phylogenies thus seem to be common. Star phylogenies have important implications for molecular systematics. Our results suggest that a simple search for the most-parsimonious or best-fit tree may be insufficient when attempting to resolve cladistic signal within a star phylogeny. A parsimony analysis of the entire data set ( fig. 2A or fig. 3A ), for example, yields a tree Corvine Phylogeny from Mitochondrial Cytochrome-b Genes 12 11 strikingly different from the final estimate of the phylogeny (fig. 4) . Such a result, moreover, is independent of method: analysis of the cytochrome-b data set with distance methods (FITCH, KITSCH, or NEIGHBOR JOINING, using different corrections for multiple hits and back mutations; table 2) all yield cladistic patterns similar to those of figure 2 (results not shown). This implies that a single cladistic resultwhether derived from discrete data or distances-may not necessarily yield a satisfactory description of the phylogenetic signal in the data. Given that star phylogenies involve short internodal distances, it might be expected that the results of statistical tests will tell us little about the strength of the phylogenetic signal other than that we have too few data (witness the human-chimp-gorilla problem). It is likely, for instance, that "true" cladistic relationships will often fail to be supported by high bootstrap values (unless one has much more data than is typically used in molecular systematic studies), even though that cladistic component is frequently, or consistently, present in various analyses. One example in this study is the sister-group relationship between Manucodia and the paradisaeinines when the combined data set ( fig. 3 ) in which their branch generally has low bootstrap support is used (only in fig.  3E does support attain a value that might be termed "significant").
The cladistic patterns derived from the cytochrome-b sequences are complex, but the relationships that one infers from them are largely congruent with patterns seen in the DNA hybridization distances. Perhaps the most striking example of the importance of congruence in resolving star phylogenies is the resolution of the paradisaeinine-manucodine-corvid trichotomy. Recognition of a monophyletic Paradisaeidae is not apparent in most analyses of the cytochrome-b sequences ( fig. 2 ) but does emerge in a global parsimony analysis when a less distant outgroup is used ( fig.  2E ). This latter result, however, could not be judged to be "reliable" without the addition of morphological data ( fig. 3 ) that further corroborate this cladistic component. The "reliability" of paradisaeid monophyly, moreover, is strengthened further by congruence with a noncombinable data set, DNA hybridization. This study illustrates the power of parsimony analysis of discrete characters as a method for revealing the phylogenetic signal contained in sequence data. In cases of star phylogenies, we cannot expect that a given set of data will produce a robust estimate of the actual pattern of relationships, and we cannot appeal to those data alone when evaluating the "reliability" of the best-fit or most-parsimonious tree. We must turn to congruence analysis, either by examining whether additional data corroborate the original cladistic pattern or by examining whether independent, noncombinable data sets identify the same cladistic components (Cracraft and Mindell 1989; Miyamoto and Cracraft 199 1) . Indeed the whole notion of "reliability" may be elusive, since neither statistical analysis nor any other method would logically lead us to reject the most-parsimonious (best-fit) tree in favor of a less-parsimonious result (Carpenter 1992).
Sequence Availability
Sequences have been deposited in EMBL and GENBANK (accession numbers x74251-x74261). contributed in numerous ways to the initial phases of our work. We are grateful to Drs. David Minded, Robert Zink, Mike Miyamoto, and Frank Gill, as well a All characters are ordered from primitive (0) to derived (I-2) except characters 7 and IO which have the characterstate tree (4,5,1(2(3)))0 (see Swofford 1993, p. 79) . Character state "?" = lacking or inapplicable.
b Quadrate, lateral condyle. 0 = protrudes posteromedially; and I = reduced or absent. ' Quadrate, orbital process. 0 = expansion at distal end; and I = lacking. d Ectethmoid. 0 = broadly fused to frontal; I = narrowly fused; and 2 = narrowly fused, braces lateral nasal bar. ' Lacrimal. 0 = absent; and I = present. f Lacrimal. 0 = foot not expanded: and I = foot expanded. g Lacrimal. 0 = head not expanded; and 1 = head expanded. h Vomer. 0 = delicate: 1 = robust, does not brace nasal septum; 2 = robust, braces nasal septum; 3 = robust, braces nasal septum and maxillopalatines; 4 = robust, lateromedially compressed; and 5 = robust, distally simplified.
' Maxillopalatines. 0 = large: and 1 = reduced or vestigial. j Postorbital process. 0 = well-developed; and 1 = reduced or absent.
' Zygomatic process and adductor musculature. 0 = process not separated from jaw articulation, musculature passes between zygomatic and postorbital processes; I = process separated from articulation, much of the musculature passes under process; 2 = ventral surface of process excavated, musculature passes between zygomatic and postorbital processes; 3 = ventral surface of process excavated but process reduced in size, musculature passes between zygomatic and postorbital processes: 4 = ventral surface of process excavated but excavation extends along dorsal margin of ear opening, musculature passes between zygomatic and postorbital processes; and 5 = process not separated from jaw articulation, but ventral muscle scar extends posterodorsally to ear opening. 
